more often in men than in women, another group showed that deleting Cosmc in mice contributes to gut inflammation in males but not in females. The study also reported gut microbiome changes in the rodents resulting from loss of Cosmc 4 . A follow-up published earlier this year characterized functional domains of the COSMC chaperone protein 5 . It's too early to say whether these initial insights will pave the way forward for new IBD therapeutics, but they offer an interesting starting point for exploration. This example underscores that there may be a lot to be gained in terms of discovering drug targets by including sex chromosomes in analyses.
The apparent exclusion of the X chromosome extends to association analyses conducted with more recent DNA sequencing tools as well. As of May 2016, of the 41 published genetic association studies for complex traits using whole-genome or whole-exome sequencing data, 25 completely omitted the X chromosome from their analyses. The majority of the remaining 16 did not apply any specialized computational and statistical methods to accurately scrutinize the X chromosome for genetic variants associated with disease (A. Keinan, personal communication).
It is not just the X chromosome that has been neglected in genetic analyses. A review paper last year noted that the Y chromosome is "too often ignored by researchers but could potentially be the key to understanding the [coronary artery disease] prevalence differences between men and women" (ref. 6) . And it's not only genetic association studies that need to take the influence of sex chromosomes into consideration. The agenda for a workshop facilitated by the US National Institutes of Health late last month on sex as a biological variable included a session on sex differences in gene expression. Studies in the last couple of years have, in fact, begun to explore the influence of the X chromosome and sex on gene expression 7, 8 . Earlier this summer, a study appearing in this journal offered a characterization of male and female transcriptional profiles associated with major depressive disorder across six brain regions 9 . These findings form an important starting point for understanding such associations, but there are relatively few publications as of yet and plenty of room for far more study in this area.
The failure to assess the influence of sex chromosomes in studies of the genome doesn't necessarily boil down to a lack of tools: there is also a challenge of a lack of will. It takes a bit more effort to include sex chromosomes in certain genomic analyses, and so this step is sometimes skipped. Now is a time to reverse this trend of omission. There are no shortcuts to good science.
